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TITLE OF THE INVENTION 

SYNTHESIS OF FUNCTIONAL POLYMERS FOR USE IN ORGANIC 
SYNTHESIS AND COMBINATORIAL CHEMISTRY 

5 The present invention relates to a novel process for the preparation of 

solid-supported scavenging reagents and solid-supported functional polymers. The 
invention further relates to novel solid-supported functional polymers and to their use 
in organic synthesis and combinatorial chemistry. 

10 BACKGROUND OF THE INVENTION 

Organic synthesis has proven to be a highly effective means for 
preparation of molecules with useful biological activities which may be employed in 
the treatment of human, animal, and plant diseases. Combinatorial chemistry is a 
means of performing many organic syntheses concurrently or in parallel arrays, 
thereby increasing the rate at which compounds may be synthesized. In the 
preparation of biologically active molecules via organic synthesis or combinatorial 
chemistry, a multi-step organic synthesis is usually required. Each step consists of 
reacting various chemicals to produce a product which is normally purified before 
continuing with the next step. Purification is typically the most time consuming part 
of organic synthesis. The time spent on purification is especially critical in 
combinatorial chemistry since hundreds or even thousands of reactions are often 
carried out in parallel. Thus, methods which enable simple, rapid and readily 
automated purification are of value to the practice of both organic synthesis and 
combinatorial chemistry. 

Solid-supported reagents which cause a chemical transformation of a 
compound in solution provide a convenient and rapid means of purification since they 
can be removed from the desired product by filtration. Solid-supported reagents are 
typically prepared by chemical reactions that attach individual molecules of the 
desired reagent to a preformed solid support either by covalent bonding or ionic 
30 interaction. 

Solid-supported scavenging reagents also provide a convenient and 
rapid means of purification since they selectively react with certain components of a 
mixture m solution, thereby removing them from solution to the solid phase where 
they can be easily separated from the unbound components by filtration. A solid- 
supported scavenger may be used in one of two ways. First, it can be designed to 
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selectively react with excess starting materials or other reactive impurities which 
contaminate the solution of a desired product. The resin and the sequestered 
contaminants are subsequently removed by filtration. Second, the scavenger resin can 
also be designed to selectively react with the desired product. With the product 
sequestered on the resin, any contaminants may be rinsed away. The product is then 
chemically cleaved from the resin in a purified form. This latter use of a scavenging 
resm is often referred to as "catch and release." Solid-supported scavenging reagents 
are typically prepared by chemical reactions, which result in the covalent attachment 
of individual molecules of the scavenger reagent to a pre-formed solid support. 

Aqueous suspension polymerization requires that any functionality on 
the monomers not be reactive with water nor promote dissolution of the monomer in 
water. Thrs limits the range of monomers that may be utilized. 

For a comprehensive review of the existing state of the art with respect 
to solid-supported reagents, solid-supported scavengers and solid phase organic 
synthesis, see Obrecht D. and Villalgordo J.M., Tetrahedron Organic Chemistry 
Series, Volume 17, Solid-Supported Combinatorial and Parallel Synthesis of Small- 
Molecular-Weight Compound Libraries. 

A disadvantage with some solid-supported reagents and solid- 
supported scavengers is their low loading of reactive groups per gram of solid support 
For instance, an isocyanate scavenger resin with 4.1 mMol of isocyanate groups per 
gram of resm has recently been described (BootfcRJ. and Hodges J.C. Polymer- 
Supported Quenching Reagents for Parallel Purification, J ; Am. Chenu So* 
1997;119:4882-4886). 

The synthesis of block co-polymers by living free-radical 
polymerization has been described in the literature. For a recent and comprehensive 
review on living free-radical polymerization see Malmstroem Eva E.; Hawker Craig 
L,Macromolecular engineering via "living" free-radical polymerizations, Macromol 
Chem. Phys., 1998; 199:923-935. One class of living free-radical polymerization 
reactions makes use of nitroxide reagents to initiate the reaction and cap the growing 
polymer chain. For example, 2,2,6,6-tetramethylpiperidine-N-oxyl (TEMPO) 4- 
hydroxy-2,2,6,6-tetramethyIpiperidine-l-oxyl (OH-TEMPO), 4-oxo-2 2 6 6- 
t^amethylpiperidine- 1 -oxyl (oxo-TEMPO) and related 0-alkyl derivatives such as 1- 
Phenyl-l-(2 ,2\6\6'-tetramethyl-l --piperidinyloxtf-ethane (1 -Phenylethyl-TEMPO) 
are useful nitroxide reagents in living free-radical polymerization. A variety of useful ' 
nitroxide reagents are described by Chang Hun Han. Marco Drache, and Gudrun 
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vanety of useful al k o Xyam ines and their perfonnance in Hving ftee^ 

RewlTT rea ?" S " dCSCnbed by Didi - Be -t. Vladimir Chaplinski 
Rebecca Brnslau and Craig J Hawker in tu„ r , * * p K1 ' 

5 Sccfery, 1999; ,2! :3904-20 Gta*ri 
^^"''-P^yl^yNraMPOmalivingfac-radical 
1EMPO above 123 C to cause ,, to reversibly fragment into a TEMPO radical and a 

10 pheny ethyl radtca! initiates polymerization of ft. styrale . Each molecu t 
PHeny.eU.yl-raMPOgtows one polymet chain of 

the terminus of which is capped wim a TEMPO residue. SnbseqnenUy iuZasMe' 
» us* me to, po, ymer ^ „ injtiator fQr „ ^ J He^g o f 7e fl 

po ymer wtth excess 4-bromotfyrene causes continued polymerization to give! 
15 polymer of appmximately twice the number of monomer ^ jn ^ ^ » 

tleZ T7 "* ^ " WhiCh fS *«* Teul 

Irving tree-radical polymerization" arises from the potential ability ,o star, «oo and 

continue polymerization reaction in repeated cycles Tire no.vm.l ! 
' "tives" a Inno « m . . .. • cycres. 1 ne polymenzation reaction 

1 ves a long time since Cham termination reactions that would "kill" me 
20 poiymenzation reaction are inhibited by the presence of fte TEMPO radical 

lite™., a P ^ UOn0f0 * MtacSon ^P o| y m ^taveoee„de S cribedinthe 

. , _ . structures, ACS Symposium Series 704, The American 

25 Chemical Society, 1997J47 pages). ne American 

Insoluble solid supports may be chemically modified to contain 
multiple cychc nimoxide sites which can ac, as initiators I radica! polygon ha. 
mcently been described (PCT Pub,. WO (XW8740,. Soiid-supponeT "ZoT 

30 mI me 7T *" *- «*•— ~£ described 

"Z~ ar he: n,C ' ,1 7H' ,KSe SOBd - S ~ " PO-ymers (termed 

Rasta resins because of me schematic appearance of the hair-lite appendages that 
represent the new b,oOc rxHymer growth) ailowa properties such as JZZZT 
accessibility ,o reaction sites and higher loading ievela of reagent mLona^y 
compared .oxnown solid-snpported reagents, solid-supported scaven"! 
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supports for solid phase synthesis. However, lengthy reaction times are required to 
generate those solid-supported functional polymers. Furthermore, only modest 
loading levels were previously achieved for such polymers. 

Recently, numerous examples of microwave-assisted protocols for 
orgamc synthesis have been described in the literature. However, microwave 
technology has not been applied to living free radical polymerization strategies in 
solution or on solid support. ° 

SUMMARY OF THE INVFIMTimsr 

The present invention provides a novel method of synthesis of high 
loading Rasta resins useful in solid supported living free radical polymerization 
(LFRP). The expedient microwave driven preparation of these high loading solid- 
. supported functional polymers allows for broader incorporation of such reagents in the 
■ preparation of libraries of candidate pharmaceutical compounds by combinatorial 
15 synthesis techniques. 

DETAILED DESCRIPTIO N OF THF TNVENTTON 

The present invention is directed to a process for the preparation of a 
compound of the Formula I: 



L-R 1 m-R\ 



20. 



25 




wherein 



30 



is an insoluble solid support selected from the group consisting of 
poly( S tyrene-divinylbenzene), macroreticular poly( styrene-divinylbenzene) 
polystyrene which is radiation grafted to polypropylene, polystyrene which is radiation 
grafted to polyethylene, polystyrene which is radiation grafted to 
P oly(tetrafluoroethylene), and polystyrene which is radiation grafted to poly(ethylene- 
tetrafluoroethylene) wherein the insoluble solid support is in a shape selected from a 
bead, a tube, a rod, a ring, a disk, or a well; L is -CH,-, -C(CH,) - -CH(CR) 
^^;-^- CH(C0 ^ -(CH,) n CH(Ph)-, -(CHACCCH. Ph)-, I 
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n is zero or an integer from 1 to 5; 
m is zero or an integer from 1 to 100- 

support and,s about 0.1 to about 5.0 mMol per gram- 
R is selected from: ' 





— CH-CHo- 





(fV Y ^ 




I -j — Y 




f Z 
— CH-CH 2 - — CH-CH 2 - — CH-CH 2 - — C-CH,- 



CH 



N 



'3 





-C-CH 2 - and __ 



I 

CH 3 



'2 

I 

CH 3 



wherein 



10 



,CH<CF * ,! ' CO - Ph ' CO,(pe„.afl U orophe„ yl ,, CO, {pemachUKoptenyi) CO 



-5- 



5RV 



10 



(N- S uccinimidyl), C(OMe) 3 , C(OEt) 3 , (CH,)„OH, (GEL) CH(OH)CHL0H 

(CH^CHO, (Cay^CMe)^ (CH,) n Si(Et )2 H, (OySiCiPr) H 
(CH^Si(tBa) a H, (CB AW I0- I B. (CH,)„Si(Ph)(tBu)H, (CH,) Si(Me) CI 
(C^SiCEO.Cl, < CHl ) o Si(i-P r ) 2 C,, (CH^Si^C! (Cm SiCPto cf 
(C^ n Si(tBu)(Ph).Cl,P(Ph) 2 ,P(o-tolyir )lCI ' (C ^ Sl(Ph) ^' 




(CH^ n O-^^-CHO f (CH2) n O-/ V-CHO 



CHO 



15 



(CH 2 ) n O-^^ or (CH2) n O^^-CH 2 OH 



wherein n is zero or an integer from 1 to 5; 
Y is H, CI, Br, F, OH, or OMe; 

Z ' S £ST' cof T"* °° !(n - Bu) ' CO " (t - Bu) ' <* ™* c °«. 

on ™ 1 " CO '^ M »°">t*»y>>. CO^pentachloroptayl), COJh 
^TO~ y,) ' C(OE,) - C ° N <°W CHO, ^OH. 

R 4 is 



o 
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In another embodiment, the invention is directed to a process for th. 
preparationofacompoundoftheFormulalV: ed ^ a process for the 

IL-[(R 1 ) W -R 2 ) p]m -R\ 
5 IV 
wherein 



grafted to polyethylene, polystyraw which is radiation mfled ,„ 
poly^uoroeftj,^), and whjch „ polyfethyle™ 

^flooroethylene) whereto the tollable solid SU pport is to a^hape J^t m . 
bead, a tube, a rod, a ring, a dislc, or a well; L i. -CH,-, -CfCHJ,-, ^h (CHj) . 
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n is zero or an integer from 1 to 5; 
m is zero or an integer from 1 to 1 00; 
w is an integer from 1 to 10; 
p is zero or an integer from 1 to 10; 

b is mMol content of initiator or solid-supported polymer per gram of insoluble solid 

support and is about 0. 1 to about 5.0 mMol per gram; 
R' and R* are each independently the same or different and ale selected from 
X 






— CH-CH 2 - — CH-CH 2 - — C-CHp- 

I 






— C-CH 2 - 
I 

CH a 



N 

— CH-CH 2 - 



and 




Z 

I 

— CH-CH 2 - 



— C-CHp- 



CH, 



— C-CH 2 - 
I 

CH 3 
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wherein 

X is H, F, (CH^Cl, TO, (Cigj, B(OH) 2 , (CH^CH^, NCO, CILNCO 
CH^NCO, QCH^CO, CO^e, CO^t, C0 2 (t-Bu), CO.H, COC1, 
C0 2 CH(CF 3 ) 2 , CO^h, C0 2 (pentafluorophenyl), C0 2 (pentachlorophenyl) 
C0 2 (N-succinimidyl), C(OMe) 3 , C(OEt) 3 , (CH^OH, (CH,) „CH(OH)CH,0H 
(CH^SH.CH.NHC^^ ^ ' 

(CH^Nfltfe),, (C^NCEt),, (CH,),, (iPr) 2 , CHCCH^NH,, C^CHJj™ 
CH^CH.CH^, CH 2 NHC^CH 2 NHCH 2 CH 2 NH 2 , C^CILCH^L) 

yl), (CH^piperidin-l-yl), (CH^methypiperazin-l -yl), N(SO CF3) 
(C^) a CHO,(CH 2 ) n Si(Me) 2 H,(CH 2 )„Si(Et) 2 H J (CH 2 )Si(iPr) 2 H, * * 
(CHASKtBu)^, (CH.XSiCPh)^, (C^SiCPhXtB^H, (CHASiCMeXCl 
(CH^Si^d, (CH^i-P^Cl, (CHASiCtB^Cl, (CH a ) B Si(Ph) 2 C , ' 
(CEy.SKtBuXP^Cl, P(Ph) 2 , P(o- tolyl) 2 




(CH2) n O-^y-CHO f (CH2) n O-^^— CHO 
CHO 

(CHJ n O-<f~\ or (CH2) n O-<^^)— CH 2 OH 

wherein n is zero or an integer from 1 to 5; 
Yis H,Cl,Br,F,OH,orOMe; 

Z is NCO, C0 2 Me, C0 2 Et, CO, (i-Pr), C0 2 (n-Bu), C0 2 (t-Bu), CN, C0 2 H, COC1, 
CO.CHCCF,)^ C0 2 (pentafluorophenyl), C0 2 (pentachIorophenyl) CO^h 

^T; S ^ inimidyl> ' C( ° Me)3 ' C( ° Et)i ' CON (°CH3)CH3; CHO, CH.OH, or 
<-(CJl,) 2 OH; and 

R 4 is 
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In further embodiment, the invention is directed to a process for the 
preparation of a compound of the Formula VI: 



-MR 1 -R 2 ) m -R 4 J b 

VI 

wherein 



is an insoluble solid support selected from the group consisting of: 
po Mstyrene-divinylbenzene), macroreticular poly( styrene-divinylbenzene) 
P*y*yrene which is radiation grafted to polypropylene, polystyrene which Is radiation 
grafted to polyethylene, polystyrene which is radiation grafted to 
poly(tetrafluoroethylene), and polystyrene which is radiation grafted to polyethylene 
tetrafluoroethylene) wherein the insoluble solid support is in a^hape sel^tm T 
bead, a tube, a rod, a ring, a disk, or a well; L is -CH,-, -CCCI^-, -CH(CH,)-, - 
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S™hK ^CH(PhK -(C^ccci^, Ph)-, 




-f-CH 2 0 



n is zero or an integer fiom 1 to 5; 
5 m is zero or an integer from 1 to 1 00; 
w is an integer from 1 to 10; 
p is zero or an integer from 1 to 10; 

b is mMol content of initiator or solid-supported polymer per gram of insoluble solid 
support and is about 0.1 to about 5.0 mMol per gram; 
10 R' is selected from 

X 



. . z 

— C-CH 2 - 
CH, 





N 





-C-CH 2 - an <J -C-CH 2 - 
CH 3 CH 3 



R 2 is selected from 



-14- 



X 




Y 




— CH-CH 2 - 



— CH-CH 2 - 



— CH-CH 2 - 




N 




and 



CH-CH 2 - 



— CH-CH 2 - 



10 



, F, (CH^Cl, (CH^Br, (CH^, B(OH) 2 , (CH^CifcCH,, NCO, CI^NCO 
CH^NCO, CCCH^NCO, C0 2 Me, CO.Et, C0 2 (t-Bu), C0 2 H, COC1, 
C0 2 CH(CF 3 ) 2 , CO^h, C0 2 (pentafluorophenyl), C0 2 (pentachlorophenyl), 
C0 2 (N-succinimidyI), C(OMe) 2 , C(OEt) 3 , (CH^OH, (CH^CHCOH^ILOH 
^^a^H, ^HjNHCHjCHjSH, (CH 2 ) B NHC(=S)NH I , (CHj) NHj, 
(OUNOMeX, (CH^CBt),, (CH,). (iPr) 2 , CHCCiyNH,, CCCH,)^ , 
CHjNHCHjCHjNHj, CH 2 NHCH 2 CH 2 NHCH 2 CH 2 NH 2 , CH^C^CHNtt) 
CjygHCH.CH.N^CHNH,),, CH.N^CH.OH),, (^(morpholin-^' 
yl), (CH^pipendin-l-yl), (CH^^methypiperazin-l -yl), N(S0 2 CF3) 
(CH^CHO, (CH.XSiCMe)^, (CH^SiO^H, (CKySiGPr^H, 
(CH.XSiCtBu)^, (CH 2 )„Si(Ph) 2 H, (C^SiCPhXtBu)!!, (CHASiCMe^Cl, 
(CH^SiOEt^Cl, (CH 2 ) n Si(i-Pr) 2 Cl, (CH^SiCtBu^Cl, (CH^S^Cl, 
(CH^SiOBuXPlOCl, P(Ph) 2 , P(o- tolyl) 2 , 





wherein n is zero or an integer from 1 to 5; 



Y is H, CI, Br, F, OH, or OMe; 

Z is NCO, C 02 Me, CO^t, CQ 2 (i-Pr), C0 2 (n-Bu), C0 2 (t-Bu), CN, CO.H, COC1, 
CO.CHCCF,),, C0 2 (pentafluorophenyl), C0 2 (pentachIorophenyl), CO^h 
C0 2 (N-succinimidyl) > C(OMe) 3 , C(OEt) 2 , CONCOC&JCR, CHO, CH.OH c 
C(CH,) 2 OH; and 

R 4 is 
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which comprises the step of microwave irradiating a mixture comprising a compound 
of the formula II 

®-[l-r\ h 

» 

a compound VII selected from: 



X 



H 3 C 




H 3 C 




X 
Y 



N 




and 



N 

II 



^CH 3 

and a compound VHI selected from: 

X 




CH fl 





II 




-Y II A — Y 

and 1 




10 



wherein the ratio of the compound VH and the compound Vm is about 2:1. 
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It has been unexpectedly found that the expedient preparation of the 
functionalized resins of the instant invention by the heating of compound I with the 
monomelic units compounds IE, VH and/or VIE results in resins with optimal 
growth, loading and spherical particle size. 

In an embodiment of the instant invention the microwave temperature 
at which compound I is heated with the the monomelic units compounds in and/or V 
is a temperature between about 160°C and about 220°C. In a further embodiment of 
the instant invention, the microwave temperature is between about 180°C and about 
200°C. 

In another embodiment of the instant invention is a compound which is 

Br 




wherein W is a polystyrene resin, m is from 1 to 100 and the bromine content is 
from about 4 to about 6 mmol/gram of resin. 

In another embodiment of the instant invention is a compound which is 

-CI 
(m.p) 




15 



20 



wherein W is a polystyrene resin, m is from 1 to 100 and the chlorine content is 
from about 5 to about 7 mmol/gram of resin. The term "(m,p)" as used m the 
structures above and below represents the meta or para position of the sufcstituent on 
the phenyl moiety. 
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In another embodiment of the instant invention is a compound which 



is 




wh ere in — is a polystyrene resin, M is from 1 to 100 and the pyridyl content is from 
3 about 5 to about 7 mmol/gram of resin. 

In another embodiment Of the instant invention is a compound which 



is 



NR a R b 
(m,p) 




wherein ^ is a polystyrene resin, m is from 1 to 100, -NRV 
is selected from diethylamino, diisopropylamino, piperidinyl, morpholino and 
10 piperazmyl and the amine content is from about 4 to about 7 mmol/gram of resin. 

In another embodiment of the instant invention is a compound which is 
H 2 N- 
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wherein — is a polystyrene resin, m is from 1 to 100, and the amine content is from 
about 3 to about 6 mmol/gram of resin. 

In another embodiment of the instant invention is a compound which i 



IS 




10 



15. 



wherein W is a polystyrene resin, m is from 1 to 100, and the isocyanate content is 
from about 1 to about 4 mmol/gram of resin. 

The term "growth" as used herein refers to the ratio of the mass of the 
product resin bead to the mass of the initiator bead. This ratio may be referred to as a 
m ratio. In an embodiment of the instant invention the M ratio is greater than 4. 

The term "loading" as used herein refers to the molar equivalents of 
functional groups in the product resin bead per gram of resin bead. In an embodiment 
of the invention the loading of the product beads is greater than 4.0 mmol/g. 

The term "spherical particle size" as used herein refers to the size of 
the dry product resin bead before it undergoes solvent swelling. 

The following Table 1 provides a list of definitions and abbreviations 
used m the present invention. 



Table 1. Definitions and Abbreviations 


Term 


Definition 


Byproduct 


An undesirable product of a reaction which 
comprises at least two mole percent of the 
crude product. Isomers, enantiomers and 
diastereomers of the desired product are not 
considered to be byproducts within the 
scope of this invention. 
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Crade reaction product 


The result of a chemical reaction before 1 

any purification. This term is synonymous 
with crude product and crude reaction 
mixture. 


Enhancing purity 

* 

i 

• v.* 


A) For a single desired compound: The 
process of removing excess or unreacted j 
starting reagents to the limit of detection by 
TLC or by NMR spectroscopy and/or 
reducing the content of any 

single byproduct to less than two mole 
percent, exclusive of solvents. | 

B) For a combinatorial mixture of desired 
compounds: The process of removing 
excess or unreacted starting reagents and or 
reducing the content of a byproduct using a 
procedure that has been validated on crude 
reaction products of analogous single 

.compounds. 


I SollH QllYYnrtff- 


A material which does not dissolve in 
organic and/or aqueous solvents and j 
mixtures thereof. j 


Insoluble polymer 


A polymeric compound which by virtue of 
its structure and high molecular weight is 
incapable of dissolving in organic and/or 
aqueous solvents and mixtures thereof 


Solid-supported scavenger 

L- i 


A molecule which is attached to an 1 
insoluble solid and binds to a starting 
reagent and/or to a byproduct in a covalent 
and/or ionic manner, thereby removing it 
from a solution. A synonym for a polymer- 
supported quench reaeent. 1 
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Resin 


A synonym for an insoluble polymer, 
usually in beaded form. 


Resin swelling solvent 


A solvent which penetrates pores of an 
insoluble polymer and causes it to increase 
in volume. 


Soluble polymer 


A polymeric compound which by virtue of 
its structure and molecular weight is able to 
dissolve in selected solvents. 


Radiation grafting 

• 


The process for preparing a complex 
polymeric compound which entails treating 
a mixture of base polymer such as, for 
example, polyethylene, polypropylene, 
poly(ethylen^-tetrafluoroethylene) or 
poly(tetrafluoroethylene), and a monomer 
such as, for example, styrene with ionizing . 
radiation. This process results in the 
polymerization of polystyrene onto the 
base polymer. 


Grafted.copolymer 


A complex polymer that is produced by 
radiation grafting. A synonym for a 
radiation grafted copolymer. 


Solid-supported polymer 


A polymeric compound which is covalently . 
attached to an insoluble solid 


Functional polymer 


A polymer which bears multiple instances 
of chemicallv reacriv** fimntinnoi 


Macroreticular 


A property of insoluble polymers 
indicating a rigid, highly crosslinked 
polymer which does not swell in any 
solvent and is porous. 


Polydispersity 


A polymer property indicating variable 
length and molecular weight. 


Monodispersity 


A polymer property indicating highly 
uniform length and molecular weight 
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mw 

JDR 

MS 

'H-NMR 



microwave 
Infrared spectroscopy 
Mass spectrometry 



Proton nuclear magnetic resonance 
spectroscopy 



|ph 
1 Me 
1 Et 

iPr 

Bu 

t-BU 

' NCO " ~~ 

BA 

Ibma 

J OT 

, ST , 

' MeST ' 
.DVB 

Br-ST ' ■ " ' 
1 3-Br-ST 

HO-ST 

3-HO-ST 

1 HOCH.-ST : : ' 


_ phenyl 

Methyl or -CH, 
_ Ethyl or -CILCH, 
_ Isopropvlor-CHfCH,^ 

Butyl or -CH,CH.CH_CH | 

Tertiarv-Butyl or CCCHQ, 

Isocyanate 

Butyl acrylate 

Butyl methacrylate 

Styrene or vinylbenzene 

a-Methylstvrene or 2-phenylpropene 
1 ,2-Divinylbenzene 

. 4-Bromostyrene i 

3- Bromostyrene 

4- Hydroxy styrene 

3-Hvdroxy styrene 

Hydroxymethyl-styrene (typically obtained 
as a mixture of 3- and 4-vinyl-benzyl 
alcohol) 


CICHj-ST 

1 H-DIPS-ST 
Cl-DIPS-ST 


Chloromethyl-styrene (typically obtained 
as a mixture of 3-and 4rviny]-benzyl 
chloride') 

(4-vinyl)phenvl-dti R npm p y 1-siiane 


Fs-ST " 

TMI ' ~- 

. 1 


(±viny Dpheny 1-diisopropv l-chlorosilane 
2,3,4,5,6-pentafliif>rr>gt-ytv. nP . 

3-(2-Propenyl)-a,a-dimethylbenzyl ~ 
isocyanate 
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4spy 



PCM 



MeOH 
! DMF 



I THF 



I EtOAc 



| EtOH 
MeCN 



TEMPO 



TEMPO-H 
PhNCO 



BUNCO 
TFA 
TFA-d 



OsO, 



NMO 
!PhJ> 



9BBU 
DEAD 



KBr 



Dichloromethane 



I Methanol 
' NjNl-Dimethylformamide 



Tetrahydrofuran 



Ethyl acetate 



Ethanol 

Acetonitrile 

2,2,6,6-Tetramethylpiperidinyloxy free 
radical 



1 -Hydroxy-2,2,6.6-tetram ft th v l T 
Phenyl isocyanate 
Butyl isocyanate 
! Trifluoroacetic acid 
Deuterated trifluoroacetic aHH 



ridine 



Osmium tetroxide 



N-Methylmorpholine-N-nxid^ 



Triphenylphosphine 



9-Borabicyclor3.3. llnonanp. 
1 Diethyl azodicarboxy latft 



Potassium bromide 



An insoluble solid support selected from 
the group consisting of: poly( styrene- 
divinylbenzene), macroreticular poly 
(styrene-divinylbenzene), polystyrene 
which is radiation grafted to polypropylene, 
polystyrene which is radiation grafted to 
polyethylene, polystyrene which is 
radiation grafted to 

polyCtetrafiuoroethylene), and polystyrene 
which is radiation grafted to poly(ethylene- 
tetrafluoroethylene) whereih the insoluble 
solid support is in a shape Selected from a 
bead, a tube, a rod, a ring, a disk, or a well 
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The compounds prepared by the process of the instant invention may 
also be represented by the following drawings: a cartoon structure 4 in which hair-like 
appendages represent new block polymer growth or alternatively by 5 wherein the 
shaded inner circle represents the original cross-linked polystyrene (PS) core and the 
outer clear circle represents new polymer growth. The moiety R in 5 represents 
functional substituents or sidechains on the monomeric units that make up the 
polymer growth. 




In an embodiment of the present invention, the compound of 

Formula I is one, wherein © is an insoluble solid support selected from the group 
consisting of: poly(styrene-divinylbenzene) and macroreticular poly(styrene- 
divinylbenzene) in the shape of a bead. 

In another embodiment of the present invention, the compound of 

15 Formula I is one wherein W is an insolubIe solid support sel&cted from ^ gruup 
consisting of: polystyrene which is radiation grafted to polypropylene, polystyrene 
which is radiation grafted to polyethylene, polystyrene which is radiation grafted to 
poly(tetrafluoroethylene) and polystyrene which is radiation grafted to poly(ethylene- 
tetrafluoroethylene) in the shape selected from a tube, a rod, a ring, a disk, or a well. 

20 in a further embodiment of the present invention, the compound of 

Formula I is one wherein L is -CB^-, -(CH^nQCH,, Ph)-, or -CHCCH^CH.Ph)-. 

In an aspect of the present invention, the compound of Formula I is one 
wherein m is an integer from 1 to 300. 

In another aspect of the present invention, the compound of Formula 
25 IV is one wherein m is an integer from 1 to 300. 

In another aspect of the present invention, the compound of Formula 
VI is one wherein m is an integer from 1 to 300. 
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In an embodiment of the present invention, the compound of Formula I 
is one wherein X is NCO, CH^NCO, CH^NCO or CCCI^CO, and Y is H. 

In an embodiment of the present invention, the compound of Formula I 
» one wherein X is (CH^, (CH 2 )„N(Me) 2 , (CI^Et),, (CH,) (L) 
CHC^NH,, CCCH,)^, CP^NHCH.CH^, CH^CI^C^C^CILNH, 

(morphohn-4-yl), (C^piperidin-l - y l), or <0«L(4H Brtw i pe ^^™ is 
zero or an integer from 1 to 5. 

In an embodiment of the present invention, the compound of Formula I 
,s one where n X is (CH^SH, C^NHC^SH, or CH^C^NH, wherein n is 
zero or an integer from 1 to 5. 

I ". Membo ^ men tof^presentinvention,thecompoundofFormulaI 

whereil " ™' °' ^^(O^OH 

wherein n is zero or an integer from 1 to 5. 

InMembodimentoft hepresentinvention,thecom P oundofFormulaI 
is one wherein X is C0 2 Me, C0 2 Et, C0 2 (t-Bu), CO,H, COC1, C0 2 CH(CF 3 ) 2> C0 2 Phy 
CO frentafluorophenyl), C0 2 (pentachloropheny]), C0 2 (N-suecinimidyl), C OMe) 
or C(OEt) 3 . In another embodiment of the present invention, the compound er 
Formula I is one wherein Z is NCO, C0 2 Me, COJEt, CO (i-Pr) CO (n Bui m ftn ^ 

WPH C(OBt)3 ' CON (° CH 3) C ^ CHO, CH.OH or 

In an embodiment of the present invention, the compound of Formula I 

(CH^Si^CI, (Ciy^a or (dy^iPr)^!. In another embodiment of the 
present invention, the compound of Formula I is one wherein R* is CH, and R* is CH3 




-i-O-N 

In an embodiment of the instant invention, R4 is 

30 fl m - meth ° dS ° f SyntheSM ° f tHe inStant invention can be ^ed out in 

30 a microwave synthes 12e r such as those devices manufactured by Personal 
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Compounds of Formula I, IV and VI wherein ^ , L, R 1 , R 2 R 3 R 4 
R 5 , m, w, p and b are as defined above can be prepared by the general procedures as' 
set forth in Reaction Schemes I-X. These schemes provide typical procedures for' 
preparing compounds of Formulae I, IV and VI. ' 



REACTION SCHEME I 
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mw 
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REACTION SCHEME m 
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Or 
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REACTION SCHEME TX 
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REACTTOM SCHEME X 




K 2 C0 3 



Pri 0 



1 ,2-dichlorobenzene 
185°C 
mw 




CI 



Na + 0-N O 

V- P(OEt) 2 

t-Bu 
K 2 CQ 3 



y. 



-N O 



t-Bu 



)— P(OEt) 2 



10 



The process for the preparation of a compound of Formula I may be 
one or several chemical transformations from known or commercially available solid 
supports. For example, the chemical modification of an insoluble support to 
covalently attach multiple cyclic nitroxide substituents to the solid support gives a 
compound of Formula I wherein m and q are zero. Reaction Scheme I illustrates 
reaction of the sodium salt of TEMPO with Merrifield resin in DMFto gfve key 
intermediate 1. Microwave heating of 1 in the presence of styrene or c^methylstyrene 
provides the compounds of the instant invention 2 and 3. Compounds 2 and 3 may 
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also be employed as solid-supported initiators of free radical polymerization as shown 
- in the Reaction Scheme. 

Reaction Scheme n illustrates reaction of intermediate 1 with a suitably 
substituted styrene and vinyl pyridine, allowing incorporation of a functional group 
5 into the polymer resin product. 

As illustrated in Reaction Scheme m, reaction of intermediate 1 with 
o,p-chloromethylstyrene provides compound 4, which may undergo reaction with a 
variety of amines to provide a proton scavenging resin 5. This synthetic route may be 
generally described as comprising: (1) chemical modification of an insoluble support 
10 to covalently attach multiple cyclic nitroxide substituents to the solid support, (2) 
heating the nitroxide-modified solid support with one or more substituted styrene 
monomers to grow polymeric chains onto the solid support, (3) rinsing of the solid- 
supported polymer to remove excess monomer(s) and unattached polymer(s), and (4) 
chemical transformation of functional groups on the polymer as necessary to create a 
15 compound of Formula 1. 

Reacting intermediate 1 with a 2:1 ratio mixture of suitably substituted 
cwnethylstyrene and styrenes provides a product in which the two monomeric units 
are incorporated in an alternating order and in equal amounts, as shown in Reaction 
Scheme IV. 

20 Reaction Scheme V illustrates additional functionalization of a 

chloromethyl substituent on a styrene monomer. In particular, the high loading 
polymer resin 6 may be used as a bromine scavenger and the diol polymer resin 7 may 
be used to scavenge aldehydes, ketones and silyl chlorides. Reaction Scheme VI 
illustrates further functional transformations to provide polymer resins that could 
25 support carboxylic acids or amines in solid phase syntheses. 

As illustrated in Reaction Scheme VH, other monomeric units such as 
acrylates may be used in the reaction with intermediate 1. 

As illustrated in Reaction Scheme VIH, reacting intermediate 1 with 
equal amounts of two similar monomers will provide polymeric chains wherein the 
monomers are incorporated in a random fashion. Reaction Scheme Vm also illustrates 
that intermediate 1 may be reacted with one monomer, the excess monomer and 
unreacted polymer removed with rinsing, and the resulting solid supported polymer 
having a cyclic nitroxide end group reacted with another monomer to provide the solid 
supported polymer 8. In general, such a sequence of reactions may be described as 
comprising the steps of: (1) chemical modification of an insoluble support to 
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«waI«Uy attech muMpte cycMc nitiox.de su5sBtlIei , ts t0 „,„ so]id 

*w polyene Cams onto the solid support, (3) nnsing of the so.idl P ported 

so^T TTV"" nK> " 0nKr —tod poller, (4) heating the resu.ti„g 
Supported polymer which sUll co„«ai„ s cychc nitroxide moieties w!th one or 
more substituted stymne and/or acrylate monomers ,„ extend «he polymenc 7Z (5) 
nnstng o, «he solid-supported polymer «o remove excess mohomere r d una^Td 
polymers and (6) chemica, transforation offunctiona! groups on the po^ 
necessary to create a compound of fWda I wherein m is an integer rL»T» 1 
and qtsnnnneger from , to 300. The effect of this multi-step Wo c k potman™ is 
te extend «he desired chemica, ftmctionanty away from t he so U d supCX^Tan 
. finely react with reagents in the solntion phase. . PP -r where tt can 

• Reaction Scheme K shows that derivadves of intermediate 1 may also 

heprepared and nUlized as the nihnxide-modifiedsoUd support, or preparedZ, 

nToZT tT m X Sh ° WS ° f — *i nilroxidJ 

modified solid supports. 

ad™, I "' hepraC ' iceof,he P rocM «so,thepresentmventto„,ilisoften 
advan^geous to remove polymed.adon inhibitors which are added as preservative to 

h 7T US ' n8 *- m °"° meK in "* ~** "™ above 
Thrs may be done through stendard means which are known ,„ those sMed in £2 

of organ* synthesis such as, forexampfe. ftacdonaj distiUation, uquid-liquid 
ex^tion sohd-liquid extraction or polymer-support scavenging and Like 
■Admtional.y the i„h, Wtorm!lv te desttoyed fc a leas, one molar 

•equtvaten, o an isocyanate such as, for exantpie, BUNCO. PhNCO and «he iZ Z 
equtval™, of tnhibhor. The isocyanate^ win, the inhibitor. The resuhmg 
n^ bdor-tsocyanate addu«s have no effect on the polymeria process ano are 
easily nnsed away from me desired solid-supported polymen, 

^^"""'^'W-^PPOrtedpoIymerchainshavingalternadng 
™nc subunds is .ypicaUy enhanced when the optionally functional.^ 

raonomer composes " leafl 60 mole percent ° f "> e 

relative to *e optional* ft.nctiona.ized styrene monomer, m eases where bom 
monomers have function^, mis provides a means of alternating two different types 
of functional,,, ,„ solid-supported polymet*. fn cases where only one of me 

fZZrr t n ^ WWSProVideSln,eanSOfraodull '' i "2ma content of 
functions, gmnps ,„ the sohd-supported polvme , when „ m 
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is not one of the monomers, the two types of monomers do not necessarily alternate, 
i.e., a compound of Formula I wherein w and p are variable is produced. 

EXAMPLES 

Examples provided are intended to assist in a further understanding of 
the invention. Particular materials employed, species and conditions arc intended to 
be illustrative of the invention and not limiting of the reasonable scope thereof. 

EXAMPLE 1 
Br 



O-N 





185°C 

10 1 . mw, 1.0 min 




Compound 1 (200 mg, 1.86 mol/g, 192 urn , 0.37 mmol, prepared from 
PS-C1 (200 micron) resin from Argonaut Technologies in the manner described by 
J.C Hodges et al J. Comb. Chem. 2:80-88 (2000.)) was suspended in p-bromostyrene 
6 (3.3 mL, 16.8 mmol, 45 molar excess) in a 5 mL Smith Reaction vial. The mixture 
was heated with microwaves at 185°C for 10 minutes leading to complete 
solidification of the monomer. Addition of CH 2 C1 2 to the polymeric mass , 
dissolved any remaining 6 as well as any soluble polymer species. The mixture was 
then filtered through a sintered-glass frit and washed with five cycles of CH 2 C1 2 and 
CH 3 OH resulting in free flowing, spherical resin beads. After overnight drying in a 
vacuum oven at 50°C, the resin produced, 7, was visibly larger than the starting 1, 
displayed a 7.5-fold increase in mass and bromine analysis (44% Br) indicated a 
loading level of 5.5 mmol/g. 
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185°C 
mw,10 min 



Compound 1 (200 mg, 1*6 mol/g, 192 nm , 0.37 mmol) was 
suspended in (^-mix^hloromethylstyrene 8 (2.8 mL, 16.8 mmol, 45 molar 
excess) in a 5 mL reaction vessel and heated with microwaves at 185°C for 10 
minutes, resulting in to complete solidification of the monomer. The reaction 
m.xture was then worked up as described in Example 1 to provide the Rasta 

EXAMPLR ^ 




170°C 
mw,40 min 




Compound 1 (200 mg, 1.86 mol/g, 192 um , 0.37 mmol) was 
suspended in 4-vinylpyridine 10 (1.83 mL, 16.8 mmol, 45 molar excess) in a 5 mL 
reaction vessel and heated with microwaves at 170°C for 40 minutes resulting in 
complete solidification of the monomer. Typical work-up, as described in Example 
1. provided Rasta pyridine resin 11, with a 4.25-fold increase in mass and a loading 

Zt JZ mm0l/8, ^ *** rCSin SWe " ed When sus P ended in ****** chloride, 
DMF, THF and methanol. 
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EXAMPLE 4 





HNEt 2 
DMF 

200°C 
mw, 30 min 



Compound 1 (100 mg, 0.185 mmol) was heated with diethyl amine (15 
times molar excess) in DMF at 200°C for 30 minutes. The workup (as described in 
Example 1) at the end of the reaction, resulted in compound 12, with a loading level 
of5.9mmol/g. 

The substituted aminomethyl Rasta resins shown in the following table 
were prepared by simple modifications of the above procedure. 
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Table 2 



-CI 




(m.P) 






HNR a R b 




DMF 






200°C 




mw,30 min 




NR R 



HNRiR 2 



Analysis (%) 



Loading 



™f<). 



C 81 .05; H 9.03 
N 6.24; CI <0.27 



4.5 mmol/g 



C 83.00; H9.62 
N 7.03; CI <0.22 



5.0 mmol/g 



HN 



C 76.59; H 8.04 
N7.01;CI<0.19 



5.0 mmol/g 



HN NH C 74 - 25 : H 7.50 

N / N 11.7; Cl<0.27 



n{^^nh 2 ) 



C 72.30; H 7.32 
N17.4; CI <0.27 



4.2 mmol/g 



4.0 mmol/g 



100 mg of 9 employed for each entry in Table 2. 
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N 



(35%) 
10 




170°C,40min 



13 



Step 1 




15 



5 45 m o1 flr C 7 POUnd 1 (2 °° m& 186 mm ° Vs > 037 mmol > wa * suspended in a 
5 45 ^larexcessofstyren y l ra ono m ersconsistingof6 5 %3-isoproprenyl a) a- 
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dimethylbenzyl isocyanate (TMI), 12, (2.3 mL, 10.9 mmol) and 35% 10 (682 uL 5 73 
mol) in a 5 mL Smith Reaction vial for 40 minutes at 170°C. The new beads 
remained suspended in TMI polymer. Addition of alternating cycles of CH 2 C1 2 and 
hexanes, followed by drying in a vacuum oven afforded 450 mg (P/I ratio of 2 5) of 13 
w,th a particle size of -380 m and a strong isocyanate stretch in the JR spectrum at 
2250 cm . 

Step 2 

The loading level of NCO/g in Compound 13 was determined by 
scavenging amine 14. After typical work-up and drying, elemental analysis of 15 
indicated a loading level of 1.6 mmol/g (12.4%Br). 
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WHAT IS CLAIMED IS: 



1. A process for the preparation of a compound of the formula I: 

-[L-R 1 m -R\ 




wherein 



is an insoluble solid support selected from tho ^ . - 

, , yy 11 ^eieccea rrom the group consisting of- 

: radia r ^ ,o »-™-^ ^ 

grafted to polyethylene, polystyrene which is radiation grafted to 
polyftetrafluoroethylene), and polystyrene which is radiation grafted to oolvferhv, 

bead, a tube, a rod, a ring, a disk, or a well; L is -at., . C( CH.) - CH,Ch7 



I-ch 2 o 




n is zero or an integer from 1 to 5; 
m is zero or an integer from 1 to 100- 

support and 1S about 0.1 to about 5.0 mMol per gram; 
20 R' is selected from: 
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— CH-CH 2 - — CH-CH 2 - — C-CH 2 - 

CH 3 




C-CH 2 - 



10 



15 




— CH-CH 2 - 





— CH-CH 2 - . — CH-CH 2 - 



and 




— C-CH 2 - 
CH3 



Z 

I 

— P-CH 2 - 



I 

CH 



'3 



wherein 

X " H '™^ C1 ' (C ^' B(OH) ^ W n CH=C^, NCO, CJLNCO 

^TOO.CCC^^CO^e.CO^CO^t-BuXCO.H.COCl ' 
C0 2 CH(CF3) OCVh. C0 2 (pentafluorophenyl), CQ 2 (pentachlorophenylX CO, 
N._dyl), C(OM e)j , C(OEt) 3 , (CH^OH, (CH,) a CH(OH)CH,o£ 2 
(CI^SH, CH^CH^SH, (CH^NHC^NIL, (CH,) NIL 
<CHAN(Me) 2 , (CH.XNCEt),, (CH,),, (iPr) 2 , CH^NIL, cJchW 
CIL^NHCHjCHjNHj, CH 2 ^CH 2 CH^CH 2 CH 2 NH 2 , CH^CclcHjilL) 

yl), (CTL^peridin-l-yl), (^^-methypiperazin-l -yl), N (SO CF ) 
(CKy n Si(fflu )2 H, (CEL^SiCPh)^ (CKL) n Si(Ph)(tBu)H, (^(Me)^! 

<™w«q. TO(tBu) 2 c, (chasW , ' 

(CH 2 ) a Si(tBu)(Ph)Cl,P(Ph) 2 ,P( 0 -tolyl) 2 , 
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PCH 3 



(CH 2 ) n O— i}~ CHO f (CH^O— ^ V-CHO 




(CH 2 ) n O-^ h or (CH2) n O-<^^-CH 2 OH 





wherein n is zero or an integer from 1 to 5 ; 
Y is H, CI, Br, F, OH, or OMe; 

Z is NCO, C0 2 Me, C0 2 Et, C0 2 (i-Pr), C0 2 (n-Bu), C0 2 (t-Bu), CN, C0 2 H, COC1, 
C0 2 CH(CF 3 ) 2 , C0 2 (pentafluorophenyl), C0 2 (pentachloropnenyl), COjPh, 
CO z (N— succinimidyl), C(OMe) 3 , C(OEt) 2 , CONCOCiyCH,, CHO, CH.OH, 
orC(CH 3 ) 2 OH;and 

R 4 is 
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ii 

and a compound nt selected from: 
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II -f-Y 




X 




X 
Y 



H 3 C 




H 3 C 




X 
Y 



N 




Y || 4— Y 




N 




CH, 



and 



II ~~\ — Y 



CH, 




2. The process according to Claim 1 wherein R 4 



is 



-l-O-N 




3. A process for the preparation of a compound of the formula IV: 
-[L-[(R 1 ) W -R 2 ) p ] m -R\ 



rv 



wherein 



is an insoluble solid support selected from the group consisting of: 
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poly(styrene-divinylbenzene), macroreticular poly( styrene-divinylbenzene) 
polystyrene which is radiation grafted to polypropylene, polystyrene which is radiation 
grafted to polyethylene, polystyrene which is radiation grafted to 
poly(tetrafluoroethylene), and polystyrene which is radiation grafted to poly(ethylene- 
tetrafluoroethylene) wherein the insoluble solid support is in a shape selected from a 
bead, a tube, a rod, a ring, a disk, or a well; L is -CH,-, -CCCH,),-, -CHCCH,)- - 
(CH^CHCCN)-, -(a^.CHCCO^eK -(CTUCH(Ph)-, -(CH,) C(CIL, Ph)- - 
CH^CH^h)-, or 




i-CH 2 o 



10 n is zero or an integer from 1 to 5; 
m is zero or an integer from 1 to 100; 
w is an integer from 1 to 10; 
p is zero or an integer from 1 to 10; 

b is mMol content of initiator or solid-supported polymer per gram of insoluble solid 

support and is about 0.1 to about 5.0 mMol per gram; 
R' and R 2 are each independently the same or different and are selected from 
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II ~~i — Y 




f Z 
— CH-CH 2 - — CH-CIV — CH-CH 2 - — C-CH 3 - 



CH 



'3 




Y 

— C-CHo- and ~( 




-C-CH 2 - 



I 

CH 3 



wherein 



XisH,F, (CH^Cl, (CH^Br, (CH,) n I, B(<OH) 2 , (CH^CIfeCH,, NCO CH.NCO 

rn ^ ^ ' C °^P entafluoro PhenyI), C0 2 (pentachlorophenyl), 

(CI^SH, C^NHC^CI^SH, (CH^NHC^NH,, (Cft) NH, 
(C^(Me) 2 , (C^NCEtX, (CH.X (iPr) 2 , CHCCHJNH,, cjc^j™ 
CH.NHC^CH^, CH 2 NHCH 2 CH 2 NHCH 2 CH 2 NH 2 CHM(CILCf£m . 

yl), (C^ppendm-l-yl), (C^-methypiperazin-l -yl), N(S0 CF3) 
(C^CHO, CCH.XSiCM^H, (C^SiCEt)^ (C^Si^ " 
(C^SiaBu)^, (C^SiCPh)^, (Oy.SiCP^CtB^H, (CEL) Si(Me) CI 
TOCi-Pr)^, (CH 2 ) n Si(tBu) 2 Cl, Q 
15 (CH.XSKtBuKP^Cl^TO^PMolyl),, ^ ° C ^ ' 
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OCH 3 



(CH 2 ) n O-^>-CHO (CH^O-^ >-CHO 





CHO 



(CH2) n O-^ > 0 »" (CH 2 ) n O- <^^— CH 2 OH 




wherein n is zero or an integer from 1 to 5; 
Yis H,Cl,Br,F,OH,orOMe; 

Z is NCO, CO.Me, CO^t, CO, (i-Pr), C0 2 (n-Bu), C0 2 (t-Bu), CN, CO.H, COC1, 
COjCHCCF,),, C0 2 (pentafluorophenyl), C0 2 (pentachlorophenyl), C0 2 Ph, 
C0 2 (N-succinimidyl), C(OMe) 3 , C(OEt) 2 , CONCOCH^CI^, CHO, CttOH; c 
C(CH3> 2 OH; and 

R 4 is 
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X 
Y 



H 3 C 




H 3 C 




X 
Y 



II ^ 




-Y || -I — Y 




5 VI: 




CH, 



and 




'3 " CH 3 

4. The process according to Claim 3 wherein R 4 is 



-l-O-N 




5. A process for the preparation of a compound of the formula 



[L-(R 1 -R 2 ) m -R\ 
VI 



wherein 



is an insoluble solid support selected from the group consisting of: 
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poly(styrene-divinylbenzene), macroreticular poly( styrene-divinylbenzene) 
polystyrene which is radiation grafted to polypropylene, polystyrene which is radiation 
grafted to polyethylene, polystyrene which is radiation grafted to 
poly(tetrafluoroethylene), and polystyrene which is radiation grafted to poly(ethylene- 
tetrafluoroethylene) wherein the insoluble solid support is in a shape selected from a 
bead, a tube, a rod, a ring, a disk, or a well; L is -CH,-, -C(CH) - -CHCCH,)- 
(CH 2 ) B CH(CN)., -(CH^CHCOWe)-, -(CH^CHCPh)-, -(CH,) c[dL, Ph>, 
CHCCH.CHyhX or 



Ph 



10 n is zero or an integer from 1 to 5; 
m is zero or an integer from 1 to 100; 
w is an integer from 1 to 10; 
p is zero or an integer from 1 to 10; 

b is mMol content of initiator or solid.supported polymer per gram of insoluble solid 

support and is about 0.1 to about 5.0 mMol per gram; 
R 1 is selected from 



/ 
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-C-CH 2 - -C-CH 2 - 
I | 2 

CH 3 CH 3 




R J is selected from 
X 





Z 
I 

: CH-CH 2 - — CH-CH 2 - 



and II ~r~ Y 





— CH-CH 2 - — CH-CH 2 - 



wherein 



X is H, F, (CH^Cl, (CIUBr, (CH^I, B(OH) 2 , (CH^CH,, NCO, CILNCO 
CH(CH3)NCO, CCCH^NCO, C0 2 Me, C0 2 Et, C0 2 (t-Bu), C0 2 H, COC1, ' 
C0 2 CH(CF 3 ) 2 , CO^h, C0 2 (pentafluorophenyl), C0 2 (pentachloroph e nyl) 
C0 2 (N-succinirnidyl), C(OMe) 3 , C(OEt) 3 , (CH^OH, (CH,) CH(OH)CH,0H 

(C^NCMe),, (C^NCEt), (CH,). (iPr) 2 , CH(CH 3 )NH 2 , C^CH^NH,, 
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CH 2 NHCH 2 CH 2 NH 2) CH.NHCH^CE^NHCH.CH.NH,, CH^N^CH^NH,) 
CH 2 NHCH ? CH 2 N(CH 2 CH 2 NH 2 ) 2 , CH^CH^OH),, (CH^morpholin-J 
yl), (CH^piperidin-l-yl), (CH^methypiperazin-l -yl), N(S0 2 CF3) 
(CH^CHO, (CI^XSiCMe)^, (CH^SiCEt^H, (CBy Si(iPr),H, 
(CH.XSiCtBuXH, (PBJ&QtOJO, (CTjLSKPhXtBuJH. (CH,) Si(Me),Cl, 
(CH I ) n Si(Et) 2 Cl > (CH^SiG-Pr^Cl, (C^)„Si(tBu) 2 Cl, (C^).Si(Ph) 2 CI, 
(C^ n Si(tBu)CPh)Cl, P(Ph) 2) P(o-tolyl) 2 , 



wherein n is zero or an integer from 1 to 5; 
Y is H, CI , Br, F, OH, or OMe; 

Z is NCO, C0 2 Me, CO^t, C0 2 (i-Pr), C0 2 (n-Bu), C0 2 (t-Bu), CN, CO^H, COC1 
C0 2 CH(CF s ) 2 , C0 2 (pentafluorophenyl), C0 2 (pentachIorophenyl), CO^h, 
C0 2 (N-succinimidyl), C(OMe) 3 , C(OEt) 2 , CONCOCiyCH,, CHO, CHOH 
C(CH3) 2 OH; and 

R 4 is 





CHO 
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7. A compound which is 

Br 




wherein 



is a polystyrene resin, m is from 1 to 100 and the bromine content is 
from about 4 to about 6 mmol/gram of resin. 

8. A compound which is 




wherein — is a polystyrene resin, m is from 1 to 100 and the chlorine content is 
from about 5 to about 7 mmol/gram of resin. 

9. A compound which is 
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IT?!" u " P ° lyStyrene resin ' m is from 1 » 100 and the pyridyl content is from 
about 5 to about 7 mmol/gram of resin. 



10. A compound which is 



NR a R b 
(m.p) 




wherein ^ is a polystyrene resin, m is from 1 to 100, -NrV 
is selected from diethylamino, diisopropylamino, piperidinyl, morpholino and 
piperazmyl and the amine content is from about 4 to about 7 mmol/gram of 



resm. 



11. 



A compound which is 
H 2 N- 




wherein W is a polystyrene resin, m is from 1 to 100, and the amine content is from 
about 3 to about 6 mmol/gram of resin. 



12. A compound which is 
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wherein W is a polystyrene resin, m is from 1 to 100, and the isocyanate content is 
from about 1 to about 4 mmol/gram of resin. 
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TITLE OF THE INVENTION 

SYNTHESIS OF FUNCTIONAL POLYMERS FOR USE IN ORGANIC 
SYNTHESIS AND COMBINATORIAL CHEMISTRY 

ABSTRACT OF THE DISCLOSURE 

The present invention relates to a novel process for the preparation of 
solid-supported scavenging reagents and solid-supported functional polymers. The 
invention further relates to.novel solid-supported functional polymers and to their use 
in organic synthesis and combinatorial chemistry. 
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